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Abstract 
In recent years, connected objects have started to invade our daily lives. In terms of transport, connected cars have been studied 
through research projects for more than ten years. Car manufacturers are now in a pilot deployment phase of the cooperative 
systems technologies (C-ITS). 
The SCOOP@F project is the French national C-ITS pilot deployment project started in March 2014 and being financially 
supported but the European Commission. Five pilot sites have been identified, amongst them, the national road network of Ile-de-
-France. 
This project is lead by the general direction of infrastructure of the French Ministry in charge of Transport and involves car 
manufacturers, academic institutes and road operators (public or private). In the second part of the project (2016-2018), cross 
road tests should be undertaken with other countries, such as Spain, Portugal or Austria. A telecom operator will also join the 
project to test the hybridation of technologies between ITS-G5 and cellular technologies. 
The SCOOP@IdF project will implement over 300 km of roads (out of 800 km), with about one road side unit every 3 km. 
A road side unit is the interface between the traffic management system and the vehicles to exchange information using ITS-G5 
technology. Given the need to develop specific applications for road operators, it was decided to develop a second-handed “road 
operators on-board unit”: about 150 operating vehicles will be equipped as well. Sirius, DiRIF’s traffic management system will 
be adapted to accept the new information from road users and to provide them with in-vehicle information. 
Many use cases will be implemented in the project SCOOP@F, and consequently in the SCOOP@IdF project: 
 data collection: average speeds, automatically or manually declared events from user equipped vehicles; 
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 road works warnings: operating vehicles will send their position to users around to alert them of their interventions (planned 
or unplanned); 
 road hazard signalling: slippery roads, end of queue, persons/animals/obstacles on the roads, etc. 
In a second phase of the project (2016-2018), other use cases will be implemented such as, on-board signalling, traffic 
information (such as travel time or POI information), multimodal information (park and ride availability for example). 
The first results of this study have underlined that the existing standards usually lack the point of view of the road operator. New 
versions of the standards need to be published soon for a proper implementation on sites. 
By spring 2016, prototypes of road side units and on-board units should have been tested and deployments should be imminent. 
The implementation of cooperative systems needs an important implication of road operators. RSU, as light or small as they can 
be, need to have energy and need to be connected to the network. There will be operators using the system, affecting their 
missions. This new technology will bring new information, more precise information, but also new systems and new procedures 
to deal with them. 
The article will focus on the impacts on DiRIF organisations and systems, and the implemented methods to deal with them, and 
evaluate them. 
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1. Context and objectives 
In Ile-de-France, 35 millions trips are made everyday, more than 15 millions of them by car. The national roads 
operated by the Ile-de-France public road operator, DiRIF, are amongst the most congested in France. They are 
congested for about 4 to 6 hours every day. About 9000 accidents happen every year with about 30% injured people 
and about 30 000 interventions are made by the operating agents. Every day, there is one road closure. 
In order to maintain this network, DiRIF has built an information system called Sirius. It was first operated in 
1980s. Nowadays, with 2500 traffic measurement zones, 350 variable message signs, more than 2000 cameras etc., 
Sirius helps DiRIF inform the road users on traffic conditions and the operating agents intervene as fast as possible 
in order to support road users. 
However, it is very difficult to maintain such a system. This very important road traffic limits the possibilities of 
road closures that are the key to access the equipments, mostly at night. The different equipments are getting older 
and difficult to replace (without replacing the information system as a whole). Furthermore, DiRIF is victim of cable 
and equipment thefts and the level of service is difficult to maintain. 
Another issue for DiRIF is the safety of its about 1100 operating agents. Over the last five years, there were about 
70 accidents every year, with some seriously injured agents, and one fatality. 
Thus, the safety of its operating agents and the new data sources and links with road users, along with the 
improvements of the system as a whole, are the main reasons why DiRIF has decided to implement the cooperative 
systems on its network and be part of the SCOOP@F project. 
The SCOOP@F project is the French national C-ITS (cooperative intelligent transport systems) pilot deployment 
project started in March 2014 and being financially supported by the European Commission. Five pilot sites have 
been identified, amongst them, the national road network of Ile-de-France. 
Following Field-Operational Tests (FOT) projects, such as FOTSIS and DRIVEC2X, the SCOOP@F project 
aims to test the deployment of C-ITS in actual road operations, such as buying road side and on-board units using 
a traditional calls for tenders for public road operators, informing users using the actual information system or 
intervening with equipped vehicles on actual incidents. 
The SCOOP@IdF project aim to implement over 300 km of roads with road side units, about one road side unit 
every 3 km. The network was chosen in terms of user incidents, operating agents incidents, traffic and links with 
other countries implementing C-ITS, such as Austria, the Netherlands or Germany. About 150 operating vehicles 
should be equipped as well and will cover the entire road network of DiRIF (about 800 km). 
© 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Road and Bridge Research Institute (IBDiM)
4584   M.-C. Esposito /  Transportation Research Procedia  14 ( 2016 )  4582 – 4591 
Sirius will be adapted to accept the new information from road users and to provide them with in-vehicle 
information. 
 
Fig. 1. Sirius system. 
The implementation of the SCOOP@F project needs to follow those steps: 
 
x Definition of objectives for each partner within SCOOP@F objectives 
x Definition and prioritisation of services 
x Specifications of the system and its components 
x Development of the different components as prototypes 
x Validation of the system (table validation, closed site validation, then on-site validation) 
x Deployment of car manufacturers cars, road operators cars and road side units 
x Evaluation of the system. 
 
This paper aims to describe the results of the first three phases for DiRIF, presenting the difficulties that occurred 
and how they were dealt with. This paper also presents the preparations of the following phases. The project is now 
in the prototypes development phase. 
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Fig. 2. Experimental network of SCOOP@IdF. 
2. Definition and prioritisation of services 
After first defining the objectives of the project, as presented in the first chapter, the second step of the project 
was to choose the different services that should be implemented. This choice was made either in terms of 
opportunity, feasibility, or constraints in implementing them. 
2.1. Choice 
The use cases implemented for the SCOOP@IdF will be the ones implemented in the project SCOOP@F, 
detailed in figure 3.  
It is interesting to notice that not all planned use cases will be implemented in the first part of the project, given 
the progress of standardisation or technical feasibility for some use cases. Other use cases will not be implemented 
because of organisational or legal issues. 
Figure 4 presents those use cases. In SCOOP@F part 2, some use cases should be implemented, despite the lack 
of standards in order to provide feedback to standardisation organisations. 
The first part of the undertaken work by DiRIF was to review those use cases and examine how they will be 
implemented in the field work and the organisation. 
The objective was to limit the impacts on organisations to make sure the system is accepted by operators. For 
example, DiRIF wishes that operating agents and traffic management centres operators keep calling each other using 
their cell phones and not only use the SCOOP system.  
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Fig. 3. Use cases in SCOOP@F part 1. 
 
Fig. 4. Delayed or cancelled use cases. 
2.2. Example of roadworks alert 
As an example, the way the service of roadworks alert will be implemented in DiRIF is described here. This 
description is a result of a study of the organisation of DiRIF while marking roadworks. 
a) Roadworks planning 
The existing tools at DiRIF will not be affected but integrated within the information system; there will be 
information to road users the same way as today using VMS (variable message signs) but using on-board VMS to 
signal “planned road closure tonight from 10pm” (part 2 of SCOOP) 
b)  Roadworks marking process start 
x before leaving their centres to start the markings, the teams will call the traffic management centres to let them 
know they are about to start: the traffic operator checks that the roadworks are indeed planned 
x when the teams arrive on site, they set the vehicles in such a way that the first one will send a message to local 
users to let them know they are starting the planned roadworks 
c) Roadworks marking terminated 
When the markings are done, they call the traffic operator to let him know the exact information on site; the 
operator corrects the information if necessary and start the dissemination of the information using RSU; the wish 
of DiRIF is that both information (from RSU and the local one) are shown to the road user because they 
complement one another 
Use case
Data Collection
Services Group
Vehicule probe data (position, speed, direction)
Automatic event data
Manual event data
Roadworks Warnings
Planned roadworks warnings (fixed or mobile)
Intervention on the road
De-icing vehicles on operation
On-Board Signalling :Dangerous and Unexpected Events
Temporary slippery roads
Animal, person on the road
Obstacle on the road
Stopped or breakdown vehicle
Unprotected accident area
Reduction of visibility
Unprotected road obstruction
Emergency breaking
Unexpected end of queue
Road Traffic Information Exceptional weather conditions information
Use case
No standardisation
No standardisation
No standardisation
Services information No standardisation
Multimodal information
No standardisation
No standardisation
No standardisation
No standardisation
Services Group Reasons for delay or cancellation
On-Board Signalling : Information
Fixed signalling information Legal issues for the road operator – cancelled
Dynamic speed information Delayed standardisation
On board VMS Delayed standardisation
On-Board Signalling : Dangerous and Unexpected Events Wrong-way driver Technical issues for vehicles to provide the information
Road Traffic Information
State of the Traffic
Travel time
Rerouting information
Position and parking availability of park and ride sites – static information
Position and parking availability of park and ride sites – dynamic information
Information of next train departures – static information
Information of next train departures – dynamic information
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d) Roadworks termination  
At the end of the roadworks, the local information stops when the vehicle moves and the RSU one stops when 
the teams call the traffic operator to let him know the roadworks are over and the operator stops sending the 
information to road users. 
2.3. Example of data collection 
Using C-ITS technology, there will be new information available to road operators: for example, when a vehicle 
slips on the road. Usually, the road operator knows when a road is slippery using the few meteo stations they have 
on site or when patrols let them know. 
This information needs to be qualified before being transmitted to road users on a large portion of road. This 
information can be important because it might implicate means to the road operators to make sure the road stays 
safe. 
A careful work of defining thresholds of a necessary number of vehicles to alert the traffic operator was then 
decided. If the threshold is too low, the system will not be used by the operators since there will be too many false 
alarms. However, since the deployment of SCOOP will only have 2000 road users equipped vehicles, there might 
not be a lot of information, and the thresholds will need to be adapted as such. 
 
The algorithm works in three steps: 
x 1st step: making sure aggregated messages are detecting the same event, 
x 2nd step: localising aggregated event (position (x,y) and a direction), 
x 3rd step: associating a fiability level to the event. 
Only, the events with a high enough fiability level will be transmitted to the traffic centre operator. 
 
Thus, this study also helps define the evolutions that Sirius has to undertake in order to be as transparent as 
possible for the traffic operators. 
This study is still undergoing, as it needs to be an integral part of the validation phase, not yet started. 
2.4. Use-cases study – first results 
The first result of this study has underlined that the existing standards usually lack the point of view of the road 
operator. For example, there is no DENM event type for a planned road closure by the operator. There is also no 
message to inform users of an intervention vehicle approaching since road operator vehicles are not emergency 
vehicles. 
Given the impact it can have on road operators organisations, new versions of the standards need to be published 
soon for a proper implementation on sites. 
3. Road operators technical architecture 
The technical architecture that will be implemented in each traffic management centres is represented in figure 5. 
 
The different components of the systems are: 
x Road Side Units (RSU) that enable the communication between the infrastructure (road operators) and vehicles 
(either road users’ or road operators’) 
x On Board Units (OBU) for car manufacturers (Renault, PSA) 
x On Boards Units for road operators; those OBU also have a mobile RSU function 
x SCOOP platform that aims to link RSO and the traffic control center (TCC, Sirius for DiRIF) of the road operator  
x the security system (not presented in figure 5) that aims to achieve integrity, confidentiality, traceability and 
privacy of the system. 
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To implement the different use cases, road side units will be installed along the road network and be connected to 
the traffic management centre through a specific software, named SCOOP@F platform. This software will be 
a common software for all road operators within the SCOOP@F project but will have a local implementation, with 
different parameters and management for each road operator. 
Road side units (RSU) will then transmit traffic management centre information (Datex II) to users (CAM and 
DENM messages), and in return, collect information from users (CAM and DENM) to transmit to the traffic 
management centre (Datex II). 
Furthermore, road operators vehicles will also be equipped with on board units (OBU) in order to have 
a connection even when a fixed RSU is not present and collect information on incidents. Those equipped vehicles 
will be able to signal their presence to users to rise road users awareness of operating agents on sites. 
Another layer that is not presented here is the security layer, in order to protect users’ privacy and other threats, 
such as piracy. In order to ensure those points, a PKI will also be built to which each unit will be connected to, to 
request authorisations to emit or receive messages. Those authorisations are pseudonym certificates. The connection 
to the PKI will either be made through a direct connection using 3G for examples for vehicles or through RSU using 
an IP communication over ITS-G5. This second solution raises other issues, in terms of responsabilities (cf. 
Chapter 6). 
The following chapters focus on the specifications of RSU and OBU and the issues they have risen. 
 
 
Fig. 5. Technical architecture. 
4. Road operators on-board units specifications 
4.1. Description 
Given the need to develop specific applications for road operators such as roadworks alerts, according to the 
different missions of operating agents, it was decided to develop a “road operators on-board unit (OBU)”. 
Furthermore, it was not possible to buy new vehicles for the whole fleet so a retrofitted solution had to be found. 
 
The OBU will be composed of three parts: 
x radio part: antennas (GPS, 3G, ITS-G5) 
x intelligent part: software, facilities, access etc. 
x HMI: a pad to interact with the operating agents 
Road operator’s network : Datex II 
ITS-G5 broadcast : CAM and DENM 
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The main functionalities of the road operators OBU will be: 
x receive and transmit DENM messages from and to vehicles, 
x emit DENM messages, either automatically from the bus CAN link or the equipment links (such as de-icing 
equipment, trailers, etc.), or manually from the HMI, 
x receive and emit CAM messages, 
x transmit data (events only) to the platform SCOOP (data processing centre) in 3G (mobile RSU), 
x translate messages into DATEXII messages, 
x display the information on the HMI, 
x store messages, log activities. 
4.2. Results of the preliminary studies 
A few issues have risen during the preliminary studies: 
x sanitary impacts: operating agents will be subjected to a lot of waves (GSM, WIFI, etc.); DiRIF wishes to limit 
those impacts; for example, limiting the waves inside the vehicles; 
x integration of already existing applications: DiRIF has acquired an application of computerised logs for patrols; 
SCOOP must be integrated with this application to make sure the operators will not have to enter same events 
twice; 
x integration with existing equipments: the goal is to make sure that agents will only have to focus on their mission 
(securing the roads); thus, linking the command systems of winter services vehicles with SCOOP is an important 
need for example; 
x the different missions of operating agents: an operating agent can intervene in case of an accident, can patrol, can 
salt the roads, can mark the roadworks etc.; an analysis by mission was necessary because the messages can be 
different according to the profession. 
 
This study is still undergoing, but a large part of these studies will be done by associating the operating agents in 
working groups, in terms of ergonomics especially. 
Different kinds of vehicles will be equipped: trucks, vans, mini-vans, cars. A study for each type of vehicle will 
be done. The prototypes will be tested, with operating agents in a closed site, at the beginning of 2016. 
5. Road side units specifications 
The work undertaken to implement the road side units (RSU) was done in different stages: 
x benchmarking of RSU suppliers 
x choice of approximate positions of RSU implementation 
x definition of a RSU 
x definitions of on-site installation modes of RSU 
x call for tenders 
x development of prototypes 
x validation of prototypes 
x definition of RSU final positions 
x implementation process 
 
The choice of approximate positions of RSU implementations was done using a previous work of DiRIF on 
levels of service. Those levels of service have been defined using traffic and accidentology levels on the IdF 
networks. 
Then, the levels of service decided on the network was defined in order to detect an accident as fast as possible 
according to an equipment level given to the road section.  
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According to the accident detection thresholds on each section, it was decided to implement the RSU at such 
a frequency that DiRIF could have a 3 minutes detection at any point of the “sensible level”: that meant 2 km 
between 2 RSU. 
 
DiRIF gave a definition of RSU the same way as OBU, considering different parts: 
x radio part: antennas (GSM, G5) 
x intelligent part: “computer”, battery, storage 
x connection parts: the elements to connect the RSU at the existing networks of DiRIF (energy and telecom) 
 
The RSU will be the same whatever the installation mode, except for the connection part.  
Here are the main functionalities: 
x receive and transmit DENM messages from and to vehicles, 
x receive and process CAM messages, 
x transmit processed and non-processed data to the platform SCOOP (data processing centre), 
x translate messages into DATEXII messages, 
x store messages, log activities, 
x process pseudonym requests and if pseudonyms are available, transmit them to the vehicles. 
 
As previously stated, DiRIF has some issues with voluntary damages and thefts. While defining what a RSU was, 
it has been thought of of how a RSU was going to be implemented in the field, the main point being that a RSU had 
to be mostly invisible. 
Another issue is the availability of energy and telecom. DiRIF has a lot of equipments along its network. 
However, the technologies are old and not always easy to connect to. 
Finally, the issue of maintenance of RSU had to be taken into account. However invisible, the RSU had to be 
accessed easily: this compromise is most of the time very difficult to achieve. 
 
Four modes of installations have then been thought of: 
x autonomous installation: on a pole with the antennas on top along with a solar panel and inside the pier the 
intelligent part along with the connection part (in this case, a battery, and a modem), 
x wired installation on a VMS gantry: using the energy and network that come from the DiRIF network to the 
VMS sign, the RSU will be on the VMS sign at about 7m high, 
x mixed installation on a VMS gantry: not all VMS signs are connected to an IP network; if not, it will be 
connected using cellular connection, 
x installation on a candelabra: using the energy of the candelabra and a cellular connection. 
 
The call for tenders has then been made and the project is now in the development of the prototypes phase. While 
those prototypes are developed, the final positions of RSU are still being determined, along with its installation 
mode. The results of this study should be available by the end of first trimester of 2016. 
This study will take into account different factors, such as system performance of G5, but also, energy and 
telecom availability, risks of voluntary damages etc., along with the results of the validation of prototypes (and their 
constraints). 
6. Impact analysis and evaluation 
Impact analysis and evaluations will take into account different stakeholders (operating agents, TCC operators, 
drivers, authorities, etc.). They will be made nationally and others locally, on different subject, such as: 
 
x Organisational impacts 
The acceptability of the system by the operating agents and the traffic operators is the key of the success of the 
deployment of cooperative systems. While making the technical decisions, a study has been started to define the 
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communication that will be set to improve the acceptability. However, as previously stated, the first step is to make 
sure that the system will affect the professional users in their day-to-day missions as little as possible. For now. 
 
x Legal impacts 
The legal impacts are an integral part of the project since road information is going to be completely modified 
with those new technologies, especially in terms of responsibilities. Indeed, the cooperative systems will enable a lot 
more information to be exchanged, but the means to deal with them for the road operators will be the same. As 
mentioned before, a technical solution will be tested to deliver security certificates to road users through RSU. This 
also means that security threats logs will go through RSU. If this solution remains in the long term, this could mean 
that road operators will be an integral part of security systems, without the means to do so. Thus, an important legal 
study will be made to define the responsibilities in the matter. 
Finally, another aspect that will be analysed within this project is the respect of the laws in terms of privacy of 
the different users, either private or professional. 
 
x Impacts on drivers 
The first part of this analysis will be a state of the art in terms of waves exposure for the different users; 
especially drivers, either private or professional. The second part will study the impact of this system on 
accidentology and driver behaviour. Road operators will be particularly attentive to those studies since their 
operating agents, more than road users, have missions to undertake and have a lot of equipments in vehicles. 
 
x Technical evaluation 
This evaluation consists in supervising the whole SCOOP system and analyse possible optimisations for future 
deployments, especially in terms of scalability (more equipped vehicles on the roads). Road operators will also study 
the different installation modes along with repartitions on the network to provide feedbacks for future deployments. 
 
x Road traffic evaluation 
This evaluation consists in developing a traffic simulation model based on the firsts results of the deployment of 
SCOOP to evaluation the impacts of C-ITS on road traffic and its regulation. 
 
x Socio-economic evaluation 
This evaluation aims to analyse socio-economical impacts of the SCOOP system, especially on road safety and 
road traffic (travel times), without forgetting potential gains in terms of road side equipments. 
 
Those evaluations are the key to the success of the project, and even more of the C-ITS technologies. Before 
implementation, all the methods are being defined and should be completed by the beginning of 2016. 
7. Conclusion 
Car manufacturers are now in a pilot deployment phase of the cooperative systems technologies (C-ITS). The 
SCOOP@F project is the French national C-ITS pilot deployment project, started in 2014. The first result of the 
specification phase of this project shows that the implementation of cooperative systems needs an important 
implication of road operators, and all their components: the road infrastructure, the operating agents, the TCC 
operators, their organisations etc. This new technology will bring new information, more precise information, but 
also new systems and new procedures to deal with them. 
C-ITS deployments, that could be decided for France at the end of SCOOP@F, will be successful if those 
constraints are taken into account, by all stakeholders, such as standardization organisms, public authorities, 
manufacturing companies, etc. 
